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Summary 

Infectious gastroenteritis is one of the most common diseases in young children under 
5 years old. To clarify the infectious etiology of diarrhea in Newborns (less than one 
year of age), we collected in clean suitable container stool samples from 280 patients 
with diarrhea from Babylon maternity and children hospital from August\2007 to 
January\2008. 

From 280 diarrheal cases, only 244 (87.2%) cases are caused by bacteria. Gram 
negative bacteria formed 81.1% (198 cases) represented by E. coli 62 cases (31.3%), 
Salmonella typhi 37 cases (18.7%), Shigella 33 cases (16.6%), Enterobacter 22 cases 
(11.1%), Acinobacter 15 cases (7.8%), Klebsiella pneumoniae 12 cases (6%), 
Pseudomonas aeruginosa 7 cases (3.5%), Protues vulgaris 8 cases (4%) and Vibrio 
cholerae 2 cases (1%). While gram positive bacteria consists 18.9% (46 cases) 
represented by Clostridium spp. 20 cases (43.5%), Bacillus spp. 15 cases (32.6%) and 
Staphylococcus aureus 11 cases (23.9%). 

Diarrheal cases in rural newborns were higher than urban newborns (62.7%), (37.3%) 
respectively. Newborns those depending on breast feeding are less infective with 
bacteria than artificial depending newborns (21.7%), (78.3%) respectively. Newborns 
aged from (4-12 months) represents the major groups for bacterial infection than 
others 84.4%, 15.6% respectively. 
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Introduction 

Infectious gastroenteritis is one of the most common diseases in human, with 
particularly high morbidity in children younger than 5 years of age [1]. More than one 
billion episodes of diarrhoea occur every year among children under five years of age 
causing approximately 2.5 million deaths [2, 3]. The WHO Child Health 
Epidemiology Reference Group estimates that 16% of deaths in African children 
younger than five years are directly attributable to diarrhoeal diseases [4] . 

Acute diarrhoea in tropical countries can be caused by a broad spectrum of viral, 
parasitic, and bacterial enteropathogens. For many tropical countries, studies on the 
prevalence and clinical significance of different diarrhoeal pathogens are incomplete 
or not available at all. The contribution of the various pathogens to diarrhoea may 
differ substantially between regions depending on local meteorological, geographic, 
and socio-economic conditions. Underlying reasons for the spread of diarrhoeal 
diseases are found in poor hygiene and sanitation, limited access to safe drinking 
water as well as in inadequate education of health care providers and recipients [5, 6]. 

Some foodborne pathogens have been recently considered as emerging diseases, 
despite the fact they have been known since a long time ago. For example, outbreaks 
of salmonellosis have been described for many decades, and yet their incidence has 
increased over the last 25 years. Diarrhoeal infections can be caused by many 
etiological agents, but mainly by enterobacteria such as Escherichia coli, Salmonella 
spp., Shigella spp., Campylobacter jejuni and Vibrio cholerae; as well as parasites 
such as Entamoeba histolytica and Giardia intestinalis, and some rotaviruses are also 
important agents [7]. 

Escherichia coli is considered as the etiological agent for many diseases including 
some affecting the urinary tract and intestine. The classification of diarrhoegenic E. 
coli strains is based on their virulence properties, and comprises six groups: 
Enterotoxigenic E. coli (ETEC), Enteropathogenic E. coli (EPEC), Enteroinvasive E. 
coli (EIEC), Enterohaemorragic E. coli (EHEC), Enteroaggregative E. coli (EAggEC) 
and Diffuse Adhering E. coli (DAEC) [8]. Salmonella spp. is a facultative, gram 
negative, flagellated member of the Enterobacteriaceae family. 
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The most extensive accepted classification of Salmonella strains is based on the 
diversity of two differentially expressed H flagellar antigens: flagellin phase I and 
phase II antigens, and the O antigens of the bacterial lipopoly saccharide, both 
determined by serotyping [9]. Until now, 2501 serotypes have been described [8]; 
which turns Salmonella classification into a complex and laborious process in the 
clinical laboratory; therefore, several PCR based methods have recently been 
developed, and were reported to be a simple, highly sensitive, fast and reliable 
alternative when compared to traditional clinical laboratory methods [10]. Shigella is 
a Gram negative, non-motile, rod- shaped bacteria, closely related to E. coli and 
Salmonella, and it is the etiological agent of human shigellosis and dysentery, which 
is characterized by severe diarrhoea with the presence of blood in the faeces. 
Classification of Shigella is based on serotyping, and comprise the following groups 
and serotypes: Serogroup A (S. dysenteriae) 12 serotypes, serogroup B (S. flexneri) 6 
serotypes, serogroup C (S. boydii) 23 serotypes and serogroup D (S. sonnei) with only 
one serotype [11]. 

Materials and methods 

Stool samples and Questionnaire 

A total of 280 stool samples were obtained from newborn patients with diarrhoea 
from Babylon maternity and children hospital from August\2007 to January\2008. 
The selection criteria for inclusion of children patients with diarrhoea was having at 
least 3 or more soft, semisolid or liquid bloody faeces within 24 hours. Also, selection 
was made on the basis of a questionnaire filled up by all subjects with assistance of a 
relative over 18 years old, providing information regarding other gastrointestinal 
disorders, frequency of diarrhoeal episodes, age, type of feeding, gender and place of 
residence. 
Bacteriology 

Stool samples were streaked on the surface of MacConkey and Nutrient agar 
(Himedia, India) for obtaining E. coli, Pseudomonas aeruginosa, Acinobacter 
Klebsiella pneumoniae, Protues vulgaris, Enterobacter isolates and on S-S agar 
(Himedia, India) for the selection of Shigella and Salmonella, also using Blood agar 
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for gram positive bacteria, Mannitol salt agar for Staphylococcus aureus isolates and 
TCBS for Vibrio cholerae isolates, incubated overnight at 37°C for 24-48 hours. 
All samples were tested for Shigella by using colony morphology, biochemical 
properties (Serobac, BioRad) [12]. Using specific biochemical tests to identified the 
type of causative bacteria such as, Indole production test, Oxidase, Catalase, Methyl 
red, Vogas proskauer test, TSI test, Hydrogen sulfide production test, Urease 
production, Gelatin hydrolysis test, Motility test, Citrate utilize test and Gram stain. 
All Biochemical Test for Identification of Bacteria are followed as in Macfaddin 
(2000) [13]. 

Discussion 

The results of the present study shows that from 280 stool specimens there are only 
244 cases that bacterial play the major role in disease (diarrhoea), as shown in table 
(1). The other cases may relate to parasitic, viral or fungal causes [14]. 
Gram positive bacteria play a role in diarrheal disease; tables (2 and 3) revealed that 
the ratio of gram positive bacteria comparing with negative bacteria (18.9%), (81.1%) 
respectively. Gram positive bacteria represented by Clostridium spp. 20 cases 
(43.5%), Bacillus spp. 15 cases (32.6%) and Staphylococcus aureus 11 cases (23.9%). 
Flemming study shows that gram positive like Staphylococcus aureus and 
Clostridium have the ability to cause, he discover that nosocomial diarrhea causes 
prolonged hospital stay leading to additional diagnostic and therapeutic procedures 
resulting in higher costs. A total of 20%-25% of antibiotic-associated diarrhea (AAD) 
cases are attributed to Clostridium difficile. Other microorganisms like Clostridium 
perfringens and Staphylococcus aureus are discussed to be associated with AAD [15]. 
Tables (2, 4) explain the types and percentage of Gram Negative Bacteria isolates 
from Stool samples of Newborn Diarrheal cases 81.1% (198 cases) distributed as, E. 
coli 62 cases (31.3%), Salmonella typhi 37 cases (18.7%), Shigella 33 cases (16.6%), 
Enterobacter 22 cases (11.1%), Acinobacter 15 cases (7.8%), Klebsiella pneumoniae 
12 cases (6%), Protues vulgaris 8 cases (4%) Pseudomonas aeruginosa 7 cases 
(3.5%) and Vibrio cholerae 2 cases (1%). Al-Gallas study in Tunisia shows that E. 
coli are the major cause of diarrhea and dividing it according to their serotypes [16]. 
Also Hien reveals in his study that Shigella plays a role in causing severe diarrhea by 
their toxins [17]. 
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Ali proved that Salmonella and Cryptosporidium are most important enteric agents 
associated with childhood diarrhea in Libya. The isolated bacterial pathogens showed 
high resistant rates, particularly among the Salmonella, to the commonly used 
antimicrobial agents. The ease of which one can obtain these drugs in Libya may play 
a role in such resistance [18]. Khundkar research shows that E. coli, Salmonella, 
Shigella and Vibrio cholerae are main species of gram negative bacteria causing 
childhood diarrhea [19]. 

In table (5), we see the major group of infection according to the residence was in 
rural patients (62.7%), while in urban patients was (37.3%). This result is nearly 
agreed with Al Kelaby result [20]. 

In table (6) the distribution of Diarrheal cases infections by gram positive and 
negative bacteria according to type of Newborns feeding shows that patients whom 
depending on breast feeding are less than artificial depending feeding patients 
(21.7%), (78.2%) respectively. Orlandi revealed that Breast-feeding, consumption of 
treated water and diarrhea Breast-feeding, appropriate sanitation and a clean water 
supply were shown to be important factors for the protection of children against 
diarrhea [21]. 

In table (7), we see that Newborns aged from (4-12) represents the major groups for 
bacterial infection than others 84.4%, 15.6% respectively. Khundkar explains those 
age groups older than 5 months are highly influenced by microorganisms causing 
severe diarrhea like viral, bacterial and parasitical causes [19]. It is often found that 
parasitic and bacterial infection revealed before and after infancy in concordance with 
author's findings. Perhaps, the increased explorative tendencies at this age heighten 
the risks of feco-oral transmission of the ova and cysts of parasites [22]. 

Conclusion 

Bacterial agents are significantly associated with childhood diarrhea in this 
community. Thus, it is conceivable that enteropathogenic infestation and the attendant 
diarrheal illnesses can be reduced by improving the level of hygiene (personal and 
environmental), and nutrition including breast feeding practices 
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Results 



Table (1) Rate of Diarrheal cases caused by bacteria among Newborns 









36 


12.8% 


244 


87.2% 


280 


100% 



Table (2) 

Rate of Gram positive to Gram negative bacteria isolates from Newborns 





Gram Positive Diarrheal 

cases 


Gram Negative Diarrheal 
cases 


Total 

No. % 




46 


18.9% 


198 


81.1% 




100% 



Table (3) Types and percentage of Gram Positive Bacteria isolates from Stool 
samples of Newborn Diarrheal cases 









Clostridium spp. 


20 


43.5 


Bacillus spp. 


15 


32.6 


Staphylococcus aureus 


11 


23.9 


Total 


46 


100 
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Table (4) Types and percentage of Gram Negative Bacteria isolates from Stool 
samples of Newborn Diarrheal cases 









E. coli 


62 


31.3 


Salmonella typhi 


37 


18.7 


Shigella 


33 


16.6 


Enterobacter 


22 


11.1 


Acinobacter 


15 


7.8 


Klebsiella pneumoniae 


12 


6 


Protues vulgaris 


8 


4 


Pseudomonas aeruginosa 


7 


3.5 


Vibrio cholerae 


2 


1 


Total 


198 


100 



Table (5) Distribution of Diarrheal cases infections (Gram positive and negative 
bacteria) according to Newborns residence. 



Diarrheal causes \ Residence 


Rural 

No. % 


Urban 
No. % 


Total 


Gram Positive Diarrheal causes 


15 


6.1 


31 


12.7 


46 


Gram Negative Diarrheal causes 


138 


56.6 


60 


24.6 


198 


Total 


153 


62.7 


91 


37.3 


244 



Table (6) Distribution of Diarrheal cases infections (Gram positive and negative 
bacteria) according to Type of Newborns feeding. 
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1 


Diarrheal causes \ Feeding Type 


No. 


% 


No. 


% 


Total 


Gram Positive Diarrheal causes 


12 


4.9 


34 


13.9 


46 


Gram Negative Diarrheal causes 


41 


16.8 


157 


64.3 


198 


Total 


53 


21.7 


191 


78.2 


244 
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Table (7) Distribution Types of Bacteria isolates from Stool samples of Diarrheal 
cases related with Age (Months) of Newborns. 





< 1 Month 


1-4 Months 


5-8 Months 


9-12 Months 

Total 


Staphylococcus aureus 


7 


2.9 


3 


1.2 


1 


0.4 


- 


- 


11 


Bacillus spp. 


1 


0.4 


1 


0.4 


4 


1.6 


9 


3.7 


15 


Clostridium spp. 


2 


0.8 






8 


3.3 


10 


4.1 


20 


E. coli 


13 


5.3 


11 


4.5 


10 


4.1 


28 


11.5 


62 


Pseudomonas aeruginosa 


2 


0.8 


5 


2.1 










7 


Salmonella typhi 






18 


7.4 


12 


4.9 


7 


2.9 


37 


Acinobacter 






8 


3.3 


3 


1.2 


4 


1.6 


15 


Protues vulgaris 


8 


3.3 














8 


Klebsiella pneumoniae 


1 


0.4 


11 


4.5 










12 


Enterobacter 


3 


1.2 


3 


1.2 


9 


3.7 


7 


2.9 


22 


Shigella 


1 


0.4 


14 


5.7 


3 


1.2 


15 


6.2 


33 


Vibrio cholerae 














2 


0.8 


2 


Total 


38 


15.6 


74 


30.3 


50 


20.4 


82 


33.7 


244 



8 



References 



1. Anonymous. (2002). Annual Report on Zoonoses in Denmark 2001. Ministry 
of Food, Agriculture, and Fisheries. Copenhagen, Denmark. 

2. Kosek, M. Bern, C. and Guerrant, R. L. (2003). The global burden of 
diarrhoeal disease, as estimated from studies published between 1992 and 
2000. Bull World Health Organ. 8 1(3): 197-204. 

3. O'Ryan, M. Prado, V. and Pickering, L.K. (2005). A millennium update on 
pediatric diarrheal illness in the developing world. Semin Pediatr Infect Dis. 
16(2):125-136. 

4. Bryce, J. Boschi-Pinto, C. Shibuya, K. and Black, R.E. (2005). WHO 
estimates of the causes of death children. Lancet. 365(9465): 1 147- 1 152. 

5. Thapar, N. and Sanderson, I.R. (2004). Diarrhoea in children: an interface 
between developing and developed countries. Lancet. 363(9409):641-653. 

6. Armah, G.E. Pager, C.T. Asmah, R.H. Anto, F.R. Oduro, A.R. Binka, F. 
and Steele, D. (2001). Prevalence of unusual human rotavirus strains in 
Ghanaian children. J Med Virol. 63(1):67-71. 

7. Sonne-Hansen, J. and Jenabian, S.M. (2005). Molecular serotyping of 
Salmonella: Identification of the phase 1 H antigen based on partial 
sequencing of the fliC gene. APMIS. 113:340-348. 

8. Nataro, J. P. and Kaper, J.B. (1998). Diarrheagenic Escherichia coli. Clin 
Microbiol Rev. 11:142-201. 

9. Sonne-Hansen, J. and Jenabian, S.M. (2005). Molecular serotyping of 
Salmonella: Identification of the phase 1 H antigen based on partial 
sequencing of the fliC gene. APMIS. 113:340-348. 

9 



10. Herrera-Leon, S. Mc. Quiston, J.R. Usera, M.A. Fields, P.I. Garaizar J, and 
Echeita M.A. (2004). Multiplex PCR for distinguishing the most common 
phase- 1 flagellar antigens of Salmonella spp. J Clin Microbiol. 42:2581-2586. 

11. Hale, T.L. and Keusch, G.T. (1996). Shigella. In Baron's Medical 
Microbiology 4th edition. Edited by: Baron S. Texas: University of Texas 
Medical Branch. 

12. Svenungsson, B. Lagergren, A. Ekwall, E. Evengrd, B. Hedlund, K.O. Krnell, 
A. Lfdahl, S. Svensson, L. and Weintraub, A. (2000). Enteropathogens in 
adult patients with diarrhoea and healthy control subjects: a 1-year prospective 
study in a Swedish clinic for infectious diseases. Clin Infect Dis. 30:770-778. 

13. Macfaddin, J.F. (2000). "Biochemical Test of Identification of medical 
Bacteria" the Williams and Wilkins Co. USA. 

14. Klaus Reither, Ralf Ignatius, Thomas Weitzel, Andrew Seidu-Korkor, Louis 
Anyidoho, Eiman Saad, Andrea Djie-Maletz, Peter Ziniel, Felicia Amoo- 
Sakyi, Francis Danikuu, Stephen Danour, Rowland N Otchwemah, Eckart 
Schreier, Ulrich Bienzlel, Klaus Stark and Frank P. Mockenhaupt. (2007). 
Acute childhood diarrhoea in northern Ghana: epidemiological, clinical and 
microbiological characteristics. BMC Infectious Diseases, 7:104 
:10.1186/1471-2334-7-104. 

15. Flemming, K. and Ackermann, G. (2007 Aug). Prevalence of enterotoxin 
producing Staphylococcus aureus in stools of patients with nosocomial 
diarrhea. Infection. 2007 Oct;35(5):356-8. Epub 25. 

16. Al-Gallas, N. Bahri, O. Bouratbeen, A. Ben Haasen, A. and Ben Aissa, R. 
(2007 Sep). Etiology of acute diarrhea in children and adults in Tunis, Tunisia, 
with emphasis on diarrheagenic Escherichia coli: prevalence, phenotyping, 
and molecular epidemiology. Am J Trap Med Hyg. p;77(3):571-82. 



10 



17. Hien, B.T. Scheutz, F. Cam, P.D. Serichantalergs, O. Huong, T.T. Thu, T.M. 
and Dalsgaard, A. (2008 Jan). Diarrheagenic Escherichia coli and Shigella 
strains isolated from children in a hospital case-control study in Hanoi, 
Vietnam. J Clin Microbiol. 2008 Mar; 46(3):996-1004. Epub. P:3. 

18. Ali MB, Ghenghesh KS, Aissa RB, Abuhelfaia A, and Dufani M. (2005 Nov). 
Etiology of childhood diarrhea in Zliten, Libya. Saudi Med J. p;26(l 1): 1759- 
65. 

19. Khundkar, Z. Hasan, Preeti Pathela, Korshed, Alam, Goutam Podder, Shah, 
M. Faruque, Eliza Roy, A.K.M. Fazlul Haque, Rashidul Haque, M. John 
Albert, Abul K. Siddique, and R. and Bradley Sack. (2006 Mar). Aetiology of 
Diarrhoea in a Birth Cohort of Children Aged 0-2 Year(s) in Rural Mirzapur, 
Bangladesh. J HEALTH POPUL NUTR p;24(l):25-35 

20. Al Kelaby, K. A. (1999). Epidemiological; study of common enteropathogens 
associated with acute diarrhea in children in Najaf governorate.. M.Sc. Thesis. 

21. Orlandi , P.P., Magalhaes, G.F. Matos, N.B. Silva, T. Penatti, M. Nogueira, 
PA. and Pereira da Silva, L.H. (2006). Etiology of diarrheal infections in 
children of Porto Velho (Rondonia, Western Amazon region, Brazil). 
Brazilian Journal of Medical and Biological research. Vol. (39), p: 507-517. 

22. Abiodun, P.O. (1989). Incidence of Rotavirus in acute diarrhoea in the 
University of Benin Teaching of Hospital, Benin. Nig J Plediatr. Vol. 16, p: 
31-34. 



11 



JjL 2Jo&*a ^ ^JaJ! ^ J&Ji\ tlibUoV ^JjJ^Jt CjLa**aJ! 

^Aj^JljSUu AjjJ 

^jJa ^^l ,^a*JI (j^> 4-m<aLaJI (jjj Jl a US> I 4juLill dlLL-aVI (j-a ^ « ■ '— g 11 jlfraJl ClAjL-al 

YA« J JljJI ClliiC. j»J (j* Jll) ajV jll (^JAiaJI Jlala^l J JlfrJoiVI (>a>al 4jjJj£ill AjL-aVI 

jj-a ajjall Jl a USf I j 4. \'\ , „"<U JJj i "a ,** , „ * ^j^ajjtl) I^J s^x-a <Laa*-a j 4 3J la j CllljjLi. <Jajoil (Jala 

AJ<jj-aJ 4JLJI Ujj^JI .Jaaa 4 he. Y £ £ J Jlg_ui!>U (Cjjj£j1I * . ujoi*1I (jl£ t JL^j-uVI diliic. (j-a 4jjc Y A > 
W Salmonella typhi ,r) <JU 1 Y £. coli o^VL <^ % A ^ - ^ p | > 

^ 0 Acinobacter «(n , > ) <iU. Y Y Enterobacter <°/cO 1,1) aH* TT Sfc/ggWa «(% ^ A ,V) <UU 
t (%£) A Protues vulgaris '(%"*) ^ ^ Klebsiella pneumoniae '(%V,A) <UU 

lJ^j -(%^) Vibrio cholerae j (%V>°) <^VL». V Pseudomonas aeruginosa 

<UU Y . Clostridium spp. o^^L n ) °/c0 A - <i ^ j- 1 ' ^j^' 

.(%^,1)<JUU Staphylococcus aureus j <UU flociHi« 5pp. <(%*V\o) 

4-ij.laJI S-,<,„ ^ jjjjL^JI JlikVI (>a Jc. I c_flJ^>JI (j* S^ll jll (Jj^aJ JlikVI J JlfrJ^VI lllVLa* 

Ciil£ . ^Lub Jt s a^I Aji«3ll ^jj JlikVI .Jl Jcj (%W,r) 4 (%1Y,V) 

aA^\ ^ .JIjSlI Jtj (%VA,r) , (%Y^,V) Ajclik^VI Aji«3ll ^jj (> Jal <jjI1LJI AjL-aVI 

' (% A * > ^) jUc-^l c> I, hi) ill Jcl dllla (Ijjji ^ Y-£) jLat^l ^ jj o^V jll Jj^. AjjjjSjII 

.Jilll Jzj (0/ 0 >o,l) 



12 



